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TECHNICAL NOTE NO. 936

PLASTIO MOUNTINGS FOR AIRCRAFT WINDSHIRLDS

By Xathryn H, Bradiey and B, M, Axilroed
SUMMARY

Several laminated glase windshields, all characterized
by an sxbtension of the center plastic layer around the
edges of the panels for mounting 4in aircraft, have been
investigated to debtermine their suitability for use in
alrplanes with pressurired cabins, The various construc—
tions of the extended portions of the windshields which
serve for mountling purpeses included plastic zlone,
Plastic and one sheet of glass extended, plastic exten—
sion reinforced with an aluminum strip, and plastic ex
tension reinforced with a steel strip. The tests
conducted on the verious windshield panels inciuded creep,
behavior wunder oyclic loading,and bursting tests at tem—
peratures of ~20°%, 77°, and 140° ¥,

The results of the tests indiceted that the laminated
windshields with plastic~mounting extensions relnforged
by aluninun or steel were resistant to creep and bursting
at pressures of the order that will be encountered in ser—
vice, It appears that their ability to wlthstand service
pressures at a temperature of 140° ¥ should make then
suitable for use in a heat de~icing deslign which involves
double glazing and the circulatleon of heated air Iin the
space bebtwoen the $wo glase panes,.

INTRODUCTION

In the construction of airplanes with pressure—sealed
cabins the problem of finding suiteble means for mounting
the glass windshields and windows arises. The mounting
must furnish an airtight seal over a wide range of tem—
peratures, must allow for differential thermal expansion
of the windshield relative to the frame without the
creation of high stresses in the glass, and must not be
gsc flexible that the windshield deflects excessively under

RESTRICTED
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pOSsible'service conditions, %o meet these requirements,
several nountings have been proposed in whiech the plastic
layer of the laminated glass is extended bdeyond the edge
of the glass, the windshield bPeing held in plece by bolts
through the extended plastic edge.

In order to evaluate mountings of this type, the
¥ational Bureau of Standards, at the requeest and with
the financial assistance of the National Advisory Committee
for Aoronauties, carried out an investigation of sgseveral
types of plastic mounting. The defloction characteris—
tics, cree» behavior, and dbursting sitrength at various
tenmperatures were included in this work, This report
sunmarizos the results of the investigation.

MATERIALS AND EQUIPMENT

The laminated glas's windshields, supplied by the
Pittsburgh Plate Glass Company, consisted of & layer of
0.12—1inch—thick vinyl butyral plastic sendwiched between
l2—-inch square sheets of 7/84—inch~thick semi—tempered
glass., In these windshields the plastic inner layer was
extended, sometimes with reinforcement, to form the
mounting. The mountings tested, illustrated in figure 1,
were consbtructed as follows:

2_22 Degcription
A Plastic extonded
B Piagstlic oxtended and one sheet of glass

partially extended

¢ Plastic extended and reinforced with a
strip of 0.032-inch~thick aluminum
roaching from the outer edge of the
plastic to about 1/4 inch between the
glass plates

D Plastic extended and reinforced with a
strip of 0.0l2-inch-thick stainless
steel resching from the outer sdge of
the plastic to about 1/4 inch between
the glass plates
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The windshield panels were tested in a heavy stesl

" pressure chanber, The mountings were clamped to the

chamber by moans of a frame which was bolted 0 the
chamber as shown in figure 2, A pressure chamber with
a windshiold panel in place and =z dismantled pressure

chanber aroc shown in figures 3 and 4, respectively. The
surfacas of the chamber and n-r the frame gdisgcent t2 the
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windshield were ground flet to minimize leaks., It was
found in sone preliminary tests that at seme tempere—
tures a frame of 1/4~inch—thick stcel would twist méas—
urably at moderate pressures, Since measurements of
deflcction vere made with reference to the frame, it was
decided to use frameg 1/2 inch in thickness or greater
for the subsequent work. The steel pressure chambers
were erected so that the plane of the windshleld weas
vertical for all tests.

It was found that the most satiasfactory methed for
malintaining constant pressure on the windshisld in the
test chanber was by means of compreeged oxygen or air in
a eylinder equipped with a two—stage regulator, With
such equivment, a constant pressure could be maintalned
over long periods of time and for a wide range of tem—
peratures, All tests were made with the same temperature
on both sides of the windshield., The temperatures at
which %ests were conducted were 140°%, 77°, and —-20° ¥,
The deflection of the panels was measursd at the center,
at each corner, and a% the middle of each edge, The de—
flection neasurements at the corners and the middle of
the edges were made at a distance of about 1/8 inch from
the inside edge of the frame. A dial gage mounted on a
bar the edges of which wers machined flat was used for
all deflection measurements except those taken at 140° ¥,
when the dimensions of the oven necessitated the uge of
a screw micrometer depth gage at the corners and ths
niddle of thie edges.

TEsT PRQCEDURES

Procedure for (freep Tests

Each windshield panel was clamped firmly in the
test echamber and conditioned at the tes$ temperature for
at least 16 hours prlor to testing. The test consisted
of maintaining a constant pressure in the test chamber
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for a periocd of 24 hours. Deflection measurements were
taken at time intervals that were approximately loga—
rithnically equal, both for the 24-~hour loading periced
and the subsequent 24 hours of recovery; the first set

of readings was taken about & minutes after the pressure
was applied, Since a set of measurenments for all the
locations required several nminutes, the values for the
four corners (or the middle of the edges) could not be
gveraged in the early part of a test hecause of the high
rate of creep., The data for each position were plotted
and curves were drawn for the first 2 hours of each load—
ing and each recovery periocd, The average creep for four
equivalent posltions for a parficular tims interval was
obtalned from these curves.

In pome instances, owing to the development of legks,
failure of control apparatuys, and so ferth, 1t was neces—
sary to uge the same windshield psanel for more than one
tests, An appreciadble time was allowed between tests teo
provide for recovery so that any effect of the prior
tests on these panels would be negligidble,

Procedure for Oyclic Loading Tests

These tests, carried out at 77° F, were intended
to approximate the loading and unloading seguence for an
airplane making daily flighte with daily ssrvicing periods
included., The mean temperaturs in g windshield panel in
an alrplane in normal high altitude fiight probadly would
be considerably less than wp© F, and hence the amount of
creep and "permanent® set obtained in service would be
less than that obtained in these btests, If heated air
for de—~icing purposes is circulated against the 1inside
surface of the windshigld, the mean temperature in %he
windshield nmay be much greater than 77° ¥, In the latter
case, a plastic mounting with a higher softening tempera—
ture than that of those tested mnay De required to avoid
excesglve .creep and permanent set,

The windshield panels were subjected in alternate
periods %0 a constant pressure of 8 pounds per sqguare
inch foor 8 hours and then to 16 hours of recovery. The
panels wvere given 4 to 7 cycles of losding, Defloction
readings at the center, middle of the edges, end corners
were takeon at the end of each loading and sach recovery
period,
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Procedure for Bursting Strength Tests

The bursting strength tests were made at tempera—
tures of approximately —20°, 77°, and 140° F upon panecls
which had been conditioned 17 to 24 hours. In the short—
time tests the pressure was increased gradually to causeo
failure in about 1 to 2 minutes. The panrels were mounted
and the bolts tightened at room temperature, after which
the specimens were removed to the conditioning atmog—
phere. For the tests performed at 77° and 140° F, it
was not neocessary to tighten the bolts agaln before the
pressure was applied. At —20° F, however, seven of the
eight panels tested leaked so badly that‘tightening
egain at the low temperature was necessary before the
tests could be made. From this bshavier 1t is aspparent
that either a gasket material must be ineluded in the
mounting or the mounting must be redesigned to prevent
leaks resuliing from the contraction of the windshield
panel at low temperature.

To obtain strength-time curves for each temperaturs
and sach type of panel, considerabdle time as well as a
large anount of material would be required. OGConseguently,
i1t was declded to sublect two types of panel to two—
thirds of the maximum pressure which they withstood in
the short—time bursting tests to obtain some data on
their long—time bursting stroength. Types A and O panels
wore selocted for these tests since A appeared to be
the least satisfactory and € the most satisfactory in
the other tests, UThe panels were conditioned and mounted
as described for the cyclic loading test.

RESULTS AND DISCUSSION
Creep Tests

The deflection—time characteristics for the various
typos of panel are shown in figures 8 to 14, The 5—
minute and. the:24—hour deflection values for theso
Panels aro given in tablé I. The difference between
the S5~minute and the 34~houyr deflection value, the amount
of creep for that time interval, was calculated for the
panels reported in tgble I. These creep data are pre—
sented in table. II.

Creep at —20° F,~ A1l the windshields were guite
rigid at the temperature of ~20° P, The deflesctions at
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the center did not exceed 0.04 inch for pressures of 6
to 10 pounds per sguare inch. Tor the same pressures
the deflections at the sdges were at most a few thou-
sandths of an inch., The c¢reep at sub-zero temperatures
wag negligible, amounting to nét meore than 0.002 inch at

the center, whigh is about the order of aceuracy of the

=22 golluvield TS a2 SFVSNRN Pas S Ve ="a N -

low—temperature measurements.

Greep at 77?° F.- At a temperature of 77° ¥ and a

pressure of 8 pounds per square inch the deflections
observed for all panels were much greater than at -20° F,
At the genter, initial deflections ranging frem 0.15 %o

Ve wes Vw e -—phwe Vmtum e e Vo e w

0.24 inech wenp observed, TFor the middle of the edge,
the lowest deflections were sxhibited Py the mountings
containing & metal insert, the values being 0.018 and
0.013 ine¢h for types € and D, respectively. The type B
panel, in which the lead on ths plastic at the edge is
mainly compression rather than shear, deflected about
twice ag much at the middle of the edge as the types €
and D. At the same position a deflection of 0.08 ine¢h
was noted for the type A mounting. The initial corner
deflectionsg 4id not exceed a hundredth of an ineh for
all types.

It can be seen in figures 10 and 11 that alight
negative deflections of the gorners of panels 0 and D
were obtained in these tests. These negative torner
deflections may be explained as follows: When a square
plate is uniformly loaded, the corners in general havs
a tendency to rise (see reference 1, p. 92.) This
oceurs in panels boeth with and without tha metal insert,
but in the second type the panel as a whole moves ¢on-
slderadbly relative to the frame because the plastic
edge deflects easily under a shearing load. - The deflec-
tion is measured relative to the frame and, if the
average shear deflection of the sdge is high, the tend-
ency of the corner to rise relative to the middle of
the edge 1s not evidencsd.

The creep in the 24-hour period was greatest for
the type A mounting. 'The deflgctions at the center and
at the middle of the edge increassd almost 0.1 ingh; at
the corners the creep was 0.04 inch. For the other
panels the gmount of creep at the center ranged from
0.012 %e 0,026 inch for types B, C, and D, and at the
middle of the edges the c¢reep amounted to adbout 0,010
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inch for those panels. At the corners the creep was

0.003 inch for type B and about—4L004 inch for types
G and D,

The rccovery of the mountings B, C, and D was good
in thoso tosts., Since the creep for type & was several
times as great as that for the other types, it is not
surprising to note that a much larger residual deflee—
tion was obtained for the type A panel at the end of tho
24—-hour recovery periovd than for the other types. If the resid—
ual dofleection at the end of 24 hours (tadle I) is com~
pared with the amount of croeop {table II), it is noted
that, for all types of mounting, the reaidusl deflection at the
end of 24 hours is about helf the amount of creep for
the conter and the middle of edge positionse.

Croop at ;40°LI,— At 140° P and under o pressure

of 24 pounds per square inch, the type A mounting de—
flected boyond the edge of the frame in 1% hours and
fallod in about 4 hours, This type would not be suit~—
eble if, when secarching for leaks in the airplane cabin,
this pressure wers applied at high temperatures as in
the tropies, The other mountings withsteood the same
pressuro for the 24-hour pseriod and exhibited initisl
centor doflcctions of 0,07 to 0,10 inch, The doflec—
tions at the middle of the edge ranged from 0,01 inch
for type O to 0,03 inech for type B. The amount of
creep in 24 hoursg was greabtest for the type B pansel,
but the cresp at the center and the middle of the edges
wgs only 0,03 inch, The least amount of creep was
exhibited by panel C—1, which also showed the least
ini%ial dofloction,

The sllight difforences between the deflections
and the e¢rceop bohavior for panels of types C and D are
probably caused by slight variations in size and
squareness of the panels, The deflection is sensitive
to the clearance =a in figure 2, end the dimensions of
tho glass panels vary as much as 1/32 inch.

The rocovery for the panels with the metal insert
was bottor than that for typo B panel,
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Gyélic Loading Tests

The doflection values for the paneis tested under
eyelic loading are presented in table III and are do-
picted graphically in figures 15 through 18. A compari-—
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types of windshield after 8 hours of continuous loading
at a prossure of 8 pounds per square inch is given in
table IV, }

_ Types B, ¢, and D panels showed only very slight
inecrcasos in deflection for all positions at the end

of the sixth period of loading (table III}, the amount
being loss than 0.001 inch for type B, less than 0.005
ineh for type £, and legs than 0,002 inch for type D.
Panol A—14, however, after four periods of loading showed
a nindinun increase in deflection of €. 03 inch and failed
1% hours: after the start of the fifth period of loading.

Tho reocovery of types B, ¢, and D panels in these
tests was satisfactory, although the deflsction after
‘each period of recovery was slightly greater than the
corrosponding guantity for the preceding period, After
6 cyoles the dJdeflection at the end of the rsecovery period
wag not groater than 0.01 inch for any of the threes
types and for all the locabtions, . The corresponding
quantity was 0,05 to 0,08 inch for panel A~14 after
only 4 cyocles.

Sinaco the panels very in their dimensions as much
as 1/32 inch, the results of tests made on similar types
of ponels nay vary somewhat., Other factors possibly
affacting the test results are the clamping pressurs,
tho aging of the panels, and the variation Petween lots.
With regord to the variation bebtween lots, the panels
tested wore from two lots, those numbered 1 through 4
being in the first group and the remainder in the second,
The panels wore 1 0 9 monthse o0ld at the time they were
testod, VWhilec no dotailed study was made of the varlis—
tion %o be expected in consequence of these factors,
some data are available for panels tested ut 77° P for
creep and eyclic loading. (Ses table IV.} It is evi-
dent from these data thait panels of types B, O, and D
are less affected by variations beiween specimens or imn
experinental conditlons than panels. of type A.
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Bursgting.Strength Tests

The results of the short-time bursting-strength
tests are presented in tadle V. The appearance of rep-
resentative panels after thig test is illustrated in
figures 19 to 23. The data obtained in burset tests
made under long-%time loading condltione are preseanted
in table VI.

The bursting pressure for the type A panels in the
short-time test varled from 10 pounds per square inch at
140% ¥ to 64 pounds peér square inch at -20° F, (Sees
table ¥.) At the higher temperature the panel failed by
e combination of schearing and tearing of the plastie
around the edges rather than by frecture of the glass.
The B type panel, which was somewhat stronger at the
high temperature but no% at the sudb-~zero tempsrature,
falled over a pressure range of 20 to 34 pounds per
square inch. The O and D panels are much allike in con-
struetion and are supsrior to the others in burseting
strength. They falled at pregsures ranging from 20
pounds per sgquare inch at 140° F to 70 pounds per square
inch at -20° P, At 77° F theee two types were charac-
terized by a faillure of the glass at about 30 pounds pser
square inch followed by a fallure of the plastic at
slightly higher pressure. Types C and D panels deflected
greatly after the glass failed at 77° and 1400 'F; a
typlocal failure from a test made at 77° F is shown in
figurs 23.

In the "long-time® burst tests, type & and type O
panels withsteod pressures of ¥8 and 43 pounds per
square inch, respectively, at sub-freezlng temperaturee
without failure for more than 7 hours. The A type panel
failed at 77 " and  140° F a4 pressures of 20 and 7.3
pounds per sguars inch, respectively, wlithin a few
minutes. A type C pansl withstood the 4est pressure,
20,5 pounds per square inch, for almost 2 hourp at 77° ¥,
but another U panel failed quickly when sudjected %0 &
temperature of 140° ¥ at 17.5 pounds per square inch
pressure. Sineée the panele with the metal insert were
found superior to the other typem, an addlitional test was
made at 140° P upon a type 0 panel with a pressure of 8
pounds per square ineh. This pressure did not g¢ause
failure of the panel in a period of & hours.
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CONCLUDING REMARKS

Of the several windshieldsg with an extended plastic
layer for mounting in airsraft that were investigated,
those having a strip of 0.032-inch-thick gluminum or
0.019-inch-thick stainless steel inserted in the plastic
layer from the outer edge to about 1/4 inch between the
glass plates proved to be superior in the various tests,
These windshields were reslistant to creep and bursfiing
under pressure conditions of the order of those which
are encountered in service. Their ability to withstand
ordinary service pressures at a temperature of 140°
should make them suitable for use in 2 heat~de-icing
design that involves double glaging and the eirculation
of heated air in the space between the two glass panes.

The research indicated that some difficulity may bdbe
encountered with leaks when windshields with these types
of mounting are sub jected to low temperatures unless
the frames are tilightoned after being exposed to low tem-
perature or some dsvice ls employed to mainbtain pressure
on the frames at all times.

National Buresu of Standards,
Washington, D. 0., March 20, 1944,
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TABIE T. CHEEP TESTS OW WINDSHIELD WOUNTINGB AT VARIOUS TEMFUTRATURES.

Oonditiona | OTIQRH DURI M@_nﬂégy . DEFLRCTIO NG RECOVERY
Bpscizen Tip:i—lr s A:I.'tceg-ﬂler eT ‘sere ortﬁgLTﬁﬁt ifta:;: Mtermgter AT 6:- et :: : H
LM_ Type of Mounting ature " | Preosure |G pin [Bh hr | 5§ win |2% hr 5 min |2 he win |24 hr | Gwin |24 hr |6 pin |24 hr
oy, 1b/in? id. 15, i, iG. 1h. ih. ih, in, m. | in. in. in,

=3 Flastio ~20 6 001 0 .001| .001 .018{ .017 - - - - - -
B-1 Flastio-Claes ~£0 10 o 0 L004] .004 .033| .083 0 0 001 ‘o .008

0-1° Plastic-Alumimm ~20 10 0 0 .001| .oo1 .033| .085 - - - - .005

D Plaatic=Btesl -20 Not tented

JT) Plastio n g o0l | .o40f .077| .153 .234| .323 .osd .013] .13z .o32| .1s8] .o43
B-23 Plastio-Glacs T 8 .006 008 .044] .063 .811| .223 008 .002 .oa:ﬂ .003 041 006
0-2 Plastio—Alomimmm i ] -.007 | -.001] .018] .031 .183| .188 { -.008 ~.006] .015| .004] .038| .011
D12 Plastic-Stael 17 [} -,004¢ | -.007 L013] .033 56| .18 -.003 0 L0LE| .008 085 ,008
A-11 Plastie 140 2.5 Daflected beyond adge of frame within 1-1/3 hre; failed aftexr 4-1/4 ura,

ppo Plastic=(lass 140 2.5 .004 .017 .030| .o0s0 L101| .13 —.ooal 003 .043) ,bao 048] ,084
0.1 Plastic—-Aluminum 1o 2.5 ~.008 | -.003| .008] .0R1 .089§ .089 0 0 013 .004 | .019) 006
D-g Plastic Btasl 140 2.5 ~.004 | .00l .08L] .048 .089) .130 008 .008 Qae| .o010] .ose] ;13

®This windshield bad been subjected to a préssure of 6 1b/in2 at =20°F for 7 hr
on the day previous to this teat. In n test about f weoks later it withatood a pressuxe
of 2.5-1b¥1n at 1550P. Tor 10 minmutes before it failed.

Yrifteon and 3 days, respeotively, nrevious to shin test,
this windshisld hed been subjeoted to teats ot & pressure of 6 1b/inZat 77°F for 24 hr,
The test at 140°F reported in this table was mede 6 daye after the tast at -Z20°TF

®fhie windshield had boen subjacted to a presesure of 3,5 1b/in® for 3 hre, at 1400F ,
3 daya after the tegt at 770F raported in this table. After 3 daye of additional
recovary this teat was mads.

' 9£8 oK RI VOVN
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PTABLE I]. OREEP OF WINDSHIELDS DUYRING LOADING PERTOD.
Creep
Conditions of {Differerces between
Test Defleotions at 5 muin,
Speoimen eRpe T = and at 24 hours under load)
|_Number | Type of Mounting | ture Pressure [ Uorney TWIAdYe of ¥dge | Center |
oF 1b/in in. in. in, ]
A=3 Plastic =20 6 -,001 0 003
B=-1l Plastic.laas -20 10 o} 0 o]
C-1 Plastic-Aluminum -20 1o 0 (o] .003
D Plastic-8teel Kot tested
A=12 Plastio 77 g .038 0786 08¢
B2 Plastic-Glass rid .3 .003 .008 .013
-2 Plastic~Aluminun 7 ] ~.0042 .013 .035
D=2 Plastio-Stesl 77 .4 -,0038 .010 .088
A-11 Plastic 140 2.5 failed after 4-1/4 hours
B2 Plastic-Glass Lo 2.5 .0L3 .030 -0%0
O=-1 Plastic-Aluminum 140 2,5 0 .012 .080
D=2 Plastic-Steel 140 2,5 .005 .087 .031
%petiection 1s negative (see Table 1) and
inoreased in magnitude,
TABLE TII. OYOLIC LOADING TESTS ON WINDSHIELDS,
DEFLECTION OF WINDSHIEKLD
it ) °
& nr Loading Period 16 hr Recovaery Period
Spesocimen | N1dd1e 0]
Number Type of Mounting cle Center | of Edge| Oorner Qenter | of Edge | Corner
in. in. in. in. in. in.
A-1% | Plastic 1 .386 .318 .083 .041 .036 .024
2 .410 .83¢g .05 .05%7 .050 .
ﬁ . 408 241 .105 071 .084 .048
>.2662 111 .083 073 . 086
5 Faliled after 1-1/2 hours of oycle Ho. 5
Al Plastioc 1 .372 .119 .018 .035 .020 .007
2 278 .1287 .024 .037 031 .012
Z 380 137 Q37 047 .040 .018
294 .149 .032
B3 Plagtic~Glass 1l 8435 .055 .010 .0038 001 .001
2 .8435 .0545 .0105 .004 .0025 .0016
z .2435 .054 .0105 .005 .0035 .001E
.3416 .0545 .Q105 .007 . .003
2 .243 .0565 .0105 .007 00456 .002
.2435 .058 .Ql06 .008 . 006 .0085
7 .8415 .0558 .0108 .008 . 00585 .0085
C-4 Plagtic-Aluminum 1 18456 .0305 -.00565 .008 004 -.0008
2 1855 082 -.0065 .0075 .00556 -, 0005
z .1835 Q385 -.005686 .0085 . 008 -.001
.185 .0335 -.006 . 002 00686 -.001
2 .187 02345 -.008 .00985 .0075 -,001
.187 .0285 -,.008 .010 .008 -,001
7 .185.5 .085 -, 006 .010 .008 -, 001
D-13 Plastio-Steel 1 .1815 .020 -,008 . 007 .00456 0
2 .1835 .021 -.008 .008 .00B6 Q
i .1845 .0815 -.00865 . 009 .008 -, 0005
.183 031 -,008 .0085 .008 0
5 .183 .0815 -,0056 . 009 00856 o]
6 .183 .0315 -.0055 .0085 .0085 0
%0ne sage deflected beyond freme.
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TABLE IV. COMPARISON OF DEFLECTION DATA FOR WINDSHIELDS OF THE SAME TYPRE.
- H Deflection after & hours at &
Speocimen , 2 L)
Number Typs of Mountin Tegt nger e O orner
X in. in, in.
A=12 Plassio Creep .308 134 .087
l—l_‘- . Oyolia loading 388 .816 .083
A=k - . LIS . .878 «118 .019
B2 Plastic-Glass COreep .3838 .058 .010
B-3 . . Gyclie lomding 8485 .085 .010
O=g Pasticsdltminus COresp .186 .08¢ -.010
T | ok v . Oyclic loading 1846 .0805 -.00886
| Du12 Plastic-Steel Cresp 179 .031 -.006
D13 . s '-6,'8110 loading .1818 .080 -.008

TABRLE ¥I. RESULTS OF TEST3 AT PRESSURE OF TWO-THIRDS THE BURSTING STRENGTH

Speoimen Tenpera- !'11:10 until .
umber Type of Mounting ture Pressure Fallure Remarks
' oy 1b/1n®
A-13 | Plastiec 1ko T3 - 2 min,
&~15 . 77 2o 5 min, ﬁihn failed in first tw
~ 3 nl
A-16 n -20 3¢ >7 br ;r;uure turned off after
r,
0-12 | Plastic-Aluminum 1 17.5 3 win, Giln failed in firet two
min,
o-14 . i 1% e “>6 hr Pr;uuré turned off after
. >,
0-13 . . 77 20.5 1-3/4 nr Glaas falled in 1 hr and
37 min,
6-15 . s -20 %3 >% hr lér;;ﬂa-o turned off after

.Blnoo & type 0 panel failed at twowthirds of the burating strength
value in 3 minutes. a test was made at the maximum working pressurse,




TABLE V.

RESULYS OF BURBTING SYRENGTH TEOTH.

-Bpeuimon - Tewpera- |' Pressure at Time to
Fusber Yypo ¢f Mounging turs ¥ailure Broak Bemavka
' op. 1b/in2 Bec,
t Plagtio %ﬁg ig EE Egga fn:l}uro 21' plg.atio: ﬂel! 111:&.01;.
A7 " 77 29 6 Both glasses shsttersd
| » 30 M n "
»9 . -g a EE Plastio and glass shattered.
10 . =20 1 [] [ 0 .
B- Plastic-(lass 10 26 %g Inner glass only broken; plastio and outer glass intmet.
B . ) 110 20 Both glesmes shattered; plastic still intmct. 2
Bt . . i 38.5 60 Both glasses shattersd} plestic fmiled lmater at 15.5 1b/3n°.
B-9 . ' 14 E Poth glasses shattered; plastic Euilod later at 17 1b/tnc.
B-10 1 " -20 3-5 ; . Plastio falled later at 29 1b/in<.
B-11 . " -20 k Both plastic and glmse shattered.
.0-7 Plawtjc~Almminom 180 26.5 59 Boyh glaswes broken.
¢-10 v " b1 1) 26.5 T . ' ]
&5 . ’ 30 125 Glasa failed first at 29-1b/ixc,
-6 ' . ;"‘(‘ 38 90 Glaps failed firat st 32 lb/int,
c-9 . . =20 61 17 Both plastio and glass shattersd.
c-11 ] [ =20 69.5 130 [ ] [ " .
D-8 Flastio-Bteel 10 22.5 6 Both glamse® broken
D-9 [] ] 140 20 (] [] n . 2
D=5 " " 7 36.5 96 Olans failed firat as 29 1b/in".
g » " 77 3 9 L . LI R B
D10 . " =20 91 Both plaetio and glase shattersd
D11 » ] 20 .5 138 ’ " ] " ¥
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NACA TN No. 936 ) : Fig.

Types C and D

rig, 1., CRO8S-SECTION OF WINDSHIELD PANELS.



NACA TN No. 936
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Types A, C, and D

Note.~ Clearance g is 1/16 to
1/8 inch.
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Type B

FIG, 2. CROSS-SECTION OF PRESSURE CHAMBER
FOR TESTING WINDSHIELD PANELS.

rig. 2



NACA TN No. 938 Fig. 3

Figure 3.— Pressure chamber for types A, 0, and D panels with
a windshield in placs. '
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NACA TN No. 938 Fig.

4 TRENN

Figure 4.— Dismantled pressure chamber (same chamber as in
figure 3).
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Deflecfion.or recovery, in.
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Figure 5.- Deflection-time characteristics during loading and
recovery.
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Defleoticn or recovery, in.

gge ‘0N AL YO'K

10

Figure 7.~ Deflection-time characteristios

Técovery.

100
Time, Minutes

1000

during loading and

[ 3 4 L 3
L}
u ll[_llwlnli- » u N » u u[_a-uan- " ¥ 5 M oNE6D
| i ] ]
- i Tl
EL 11 | 1 | i
i i i i i
EL- I‘ i fi :i : ; ;i;.’: 'lf:
i ly ! j HOTW
1 - I It ,II,
v H 1 " T
; ! ! | e
5’ L] | 1l ™
i il i
' ! I Il it
; 1 . il i
= 5 il Rl
1 i i . i
— 1 Bl
_ il i i i il
,’}:, ﬂ h | L
2] I' 1, |
2 0 i
F 1 i 1
F‘ I H L :i L
?4 N :1" u i i
= = 1 11 i i |
- 1l il
]
- i
12 d b i
] hil i
l H o i i
1 j il |
1 I i
ll i ] T it .Y l.
T I ¥ === i RETEI| Tt JELITCA B
T ' } . 1 . l.
-!_IQ“ A i I’u I N
! H HITIN ;
o
4 ' i hi i i iR




Deflection or recovery, in.

NACA TN No. 936
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Figure 8.- Deflection-time
Tecovery.
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Figure 11.— .Defleotion-time characteristios during loading and recovery.
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Figure 13.,~ Deflection-time characteristics during loading and recovery.
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Figure 13.— Deflection-time characteristics during loading and recovery.
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Figure 14.— Deflection-time characteristivce during loading and recovery.
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NACA TN No. 836
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NACA TN No. 936

Figure 19.- Type A panel after

bursting test at 77°F.



NACA TN No. 936 Fig. 20

Figure 20.— Type A panel after bursting test at -30°0F.
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Figure 21.— Type B panel after bursting test at 140°F.
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— Type 0 panel after bursting test at —-30°F.
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Figure 33.- Type D panel after bursting test at 77°F.
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